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I N T R O D U C T I O N 
INTRODUCTION 
Macrocyclic ligands are multidentate cyclic molecules 
consisting of an organic framework made up of heteroatoms which 
are capable to interacting with a variety of species. Macro-
polycyclic ligands are a three-dimensional extension of macro-
monocycles, in which more than one macrocycle is incorporated 
in the same molecule. The wide spread interest in these mole-
cules is due to their unique and exciting chemistries in that 
they can function as receptors for metal ions, molecular cations 
neutral molecules or molecular ions of widely differing physical 
and chemical properties. These macrocyclic systems displays 
various interesting properties such as stable complex formation, 
transport capabilities and catalysis. All of these features, 
which result from association of two or more species, form what 
has been coined a supramolecular (macromolecular) chemistry. 
Over the past years the field of macrocycles has grown 
rapidly that now an extensive series of macrocyclic ligands are 
available. Naturally occurring macrocyclic complexes of the 
porphyrin or corrin ring systems and the industrially important 
metal-phthalocyanine complexes have been studied for many years^ 
Synthetic ring complexes which copy aspects of these naturally 
3 
occurring complicated macrocyclic ring systems are known and at 
present the study of such compounds is receiving much attention. 
Although the results obtained do not always closely parallel 
: 2 : 
those in nature, a knowledge of the chemistry is being deve-
loped and the biochemical role of metal ions in the natural 
systems is begining to be better understood, A large number of 
other macrocyclic ligands have been extensively studied. These 
ligands are classified into two broad subdivisions. 
The cyclic polyethers of the * crown* type as shown by 
4 
structure-I is a typical example of the first category. 
Ligands of this general category have received much attention 
Str - I 
because of their unusual behaviour towards a range of non-tran-
5 
sition metal ions . Majority of such polyether ligands however 
show a limited tendency to form complexes with transition metal 
ions^'^. 
The second category of macrocyclic ligands incorporates 
: 3 : 
the synthetic ring systems containing donor atoms other than 
oxygen. The majority of such ligands contain nitrogen donor 
atoms although, ligands incorporating sulfur ^ as well as 
phosphorus are also known. Ligands belonging to this 
8 9 10a 
category as shown by structures II , III , IV form strong 
complexes with transition metal ions. 
H 
N N 
,N 
S S 
II III IV 
Macrocyclic ligands have been prepared by conventional 
organic synthesis as well as employing in-situ procedures 
involving cyclization in the presence of a metal ion. The 
crown polyethers are examples of raacrocycles which have been 
prepared mainly by direct synthesis . Reactions shown by 
equations (1) and (2) are examples of two synthetic route for 
two such systems as below : 
^^^°" 
^^v^OH 
+ 2 CI 0 
->a: o A ^ 
(1 
P H^N 
0 H2N 
SH 
(i) Ni 
W SH ("\\ // 
Br Br 
(2) 
In some reactions the presence of a metal ion is required. 
The metal is said to act as a •template* and such reactions 
have been termed tr ?tal assisted 'template synthesis'. Schiff-
base condensation between a carbonyl compound and an organic 
amine in presence of a metal ion to yield an imine linkage has 
11 12 led to the synthesis of many aza macrocycle ' complexes as 
illustrated by equation (3) 
o. CH«0 
M = Ni^ "^ , Cu^ "*" 
(3) 
Although the above synthetic methods provide an easy 
approach to prepare various macrocyclic ligands, it is now 
understood that there is a need in several areas for a rational 
approach toward ligand design for selective complexation of 
metal ion in solution. Selection of donor atoms is based on 
ideas such as the hard and soft acid and base principle of 
: 5 : 
Pearson or the A and B type acids of Schwarzenbach or Arhland 
et al. However, the role of ligand design architecture is 
much less well understood and limited to such ideas as size-match 
selectivity in macrocycles. Size-match selectivity is the idea 
that a metal ion will form its most stable complexes with the 
number of a series of macrocycles where the match in size bet-
ween the metal ion and the cavity in the ligand is closest. 
13 The size of the hole greaty influences the properties of the 
complexes relative to those of open chain analogues. The cavity 
size can be related to ligand structure for both conjugated and 
14 
non conjugated ligands . The 'hole size* for coordination 
depends on the number of atoms in the ring. 
Macrocyclic complexes can adopt a wide range of conformers 
15 
of fairly similar energies , These conformations present the 
metal ions with a range of best-fit M-L lengths, allowing strong 
complexation by metal ions while lying coordinated out of the 
macrocyclic cavity. It is due to this reason that N-donor and 
0-donor macrocycles show little difference in their size selec-
tivity towards metal ion compared to their open-chain analogues. 
The macrocycles are thus rather too flexible to show genuine 
size-match selectivity. Moreover, their selectivity patterns 
are controlled by the same factors that control the selectivity 
patterns of open-chain ligands, such as chelate ring size and 
the size-match selectivity inherent in the coordinating proper-
ties of the neutral oxygen donor atoms. 
: 6 : 
Knowledge of substrate binding preferences and structure 
can be efficiently utilized in the synthesis of receptor ligands 
by introducing site and geometry control into receptor design. 
Interaction between the macrocyclic ligand and substrates can 
be fine-tuned by appropriate selection of the binding sites and 
its environment, and overall ligand topology. Specifically to 
be considered are (1) electronic effects* e.g. charge, polarity 
and polarizability and (2) structural effects, important from 
the stand point of both site and geometry. 
The significant chemical behaviour of transition metal 
complexes very often depends on their facile redox properties. 
This has been found true to a large degree for the natural and 
synthetic complexes involving macrocyclic ligands. These sub-
stances undergo a diverse array of chemical reactions, such as 
ligand oxidative dehydrogenation, metal alkylation, ligand sub-
stitution and hydrogenation. The success of some of these 
reactions is closely linked with the ability of higher and lower 
oxidation states of metal ions in these complexes to function 
as reactive intermediates. 
The ability of macrocyclic ligands to stabilize a wide 
range of oxidation states of a coordinated metal ion has been 
amply demonstrated by the work of Olson and Vasilevskis^^. 
Simultaneous and subsequent work conducted by D.H. Busch et al. 
• 7 • 
17 
and by Endicott and coworkers has proven the generality of 
the above observations* 
Macrocyclic complexes in general have the following 
18 
characteristics : 
1. A marked kinetic inertness both to the formation of 
the complexes from the ligand and metal ion, and to the 
reverse, the extrusion of the metal ion from the ligand, 
19 
2. They can stabilize high oxidation states - that are not 
normally readily attainable such as Cu(lll) or Ni(lll). 
3. They have high thermodynamic stability - the formation 
constants for N^ macrocycles may be orders of magnitude 
greater than the formation constants for non-macrocyclic 
N^ ligands. Thus for Ni the formation constant for the 
macrocyclic cyclam is about five orders of magnitude 
20 greater than for the non-macrocyclic tetradentate ligand. 
The large increase in stability which has been termed 
21 
as the macrocyclic effect cannot be attributed to the usual 
chelate effect because there is an additional enhancement in 
stability beyond that expected from gain in translational 
entropy. The differences in configurational entropy is because 
a greater loss in entropy would be expected in the complexation 
of the open-chain ligand than in the macrocyclic ligand. 
: 8 : 
Unlike the chelate effect, which is largely entropic in origin, 
the macrocyclic effect has both enthalpic and entropic compo-
nents* An early suggestion for the additional stability was 
that for the macrocycle the donor atoms were constrained near 
the required coordination sites and so the ligand was 
*prestrained* as compared with the non-macrocycle. The macro-
cyclic effect is best understood by considering the thermody-
21 22 
namics * of metal-complexation reactions. The configuration 
and solvation of the free macrocyclic ligand compared to the 
noncyclic ligand undoubtedly are very important to this effect. 
An explanation of the macrocyclic effect has been given 
23 
on the basis of equilibrium and calorimetry studies carried 
out for NiCcyclam)^ "*" [str-V] and Ni(2,3,2-tet)^"*" [Str-Vlj 
complexes. 
^2+ 
J 
2+ 
Ni (Cyclam) 
V 
2+ 
Ni (2,3,2-tet) 
VI 
2+ 
: 9 
Although it is quite reasonable to assign the macrocyclic 
effect to the entropy factor, the results of equilibrium and 
21 
calorimetry studies suggest that the actual reason for the 
greater stability of the macrocyclic complex is due to a more 
favourable change in the enthalpy, AH*^ (a difference of -14 
kcal/mol) which overcomes a less favourable change in entropy, 
A S ° ( a difference of -16 cal/C°K mol) for the reaction. The 
favourable change in enthalpy is well understood by considering 
the llgand solvation effect in the thermodynamics of the metal 
complexation reaction. 
24 
The effect of ligand solvation permits several predic-
tions. The macrocyclic effect should be independent of the 
metal as long as there is not an unfavourable geometry in the 
coordination of the metal ion within the macrocycle. Similar 
2+ 
enhancements of the stability constants are found for Cu and 
2+ Ni with hexamethyl derivatives of eye lam. It is proposed 
that use of solvent with weaker primary solvation of the ligand 
will increase the relative contribution due to the configura-
tional entropy, as the importance of solvation effect is 
diminished. 
The effect of ligand solvation on metal stability constants 
should be particularly important to biological systems. 
Obviously, the magnitude of metal ion binding constants to 
: 10 : 
proteins and other biological species may be very much influ-
enced by solvation and could differ from that of smaller, 
more flexible molecules by very large factors. 
The present investigation is intended to study the intera-
ction of different metal ions that are of biological signifi-
cance with macrocyclic ligand having amide functional groups. 
Amide bonds or groups provide the linkage between adjacent 
amino acid residues in proteins. When condensation of two amino 
acid yields a dipeptide, the resulting amide bond is often 
referred to as a peptide bond (or group). 
An amide group offers two potential binding atoms, the 
oxygen and nitrogen, for complexation of protons and metal ions. 
They are planar with 409^  double-bond character in the carbon-
25 
nitrogen bond and strongly favours the trans form as shown 
below: 
R /H R, . H 
\ - / \ ( + ). 
/C N < > C • N 
^ / R '0 
60% 409^  
A free or 'unconnected' amide is a weak coordinating group due 
to the weakly basic amide oxygen atom and weak acidity of hydro-
gen. With such weakly basic 0-atoms (pk — -l)^^ strong metal 
: 11 : 
coordination will not occur at that site. On the other hand, 
substitution of a nitrogen bound hydrogen by a metal ion should 
create a very strong bond. However, the very weak acidity of 
the hydrogen (pk ^ 15) implies that alkali and alkaline 
earth metal ions will not effect its removal. Transition metal 
ions promise to be more effective in substituting for a nitrogen 
bound amide hydrogen, but they suffer metal ion hydrolysis and 
precipitation in neutral and basic solutions. Therefore metal 
ions must be capable of substituting a nitrogen bound amide 
hydrogen. To do so in neutral solutions, metal ions require an 
effective anchor (primary ligating site) to inhibit metal ion 
hydrolysis* In macrocycles containing amide bonds other donor 
sites like amino groups within the cycle or terminal groups 
function as the primary ligating site. Where such sites are 
not available drastic conditions are needed for complex forma-
tion. 
28 The X-ray single crystal structure studies suggest that 
peptide (amide) nitrogen does not bear both a proton and a 
metal ion. The metal ion substitutes for the proton at the 
trigonal peptide nitrogen. The planarity of the amide group is 
maintained in the deprotonated trigonal peptide nitrogen com-
Oft 
plexes of all metal ions studied , Crystal structures reveal 
that as compared to the free or peptide oxygen complexed ligands 
complexation of the peptide nitrogen shortens the peptide C-N 
: 12 : 
and lengthens the C-0 bond . Upon substitution of an amide 
proton by a metal ion the bond lengths changes are in the 
direction of more double bond character in the C-N bond and 
less double bond character in the C-0 bond. This suggests that 
both the C-0 bond and C-N bonds possess appreciable amounts of 
double-bond character before and after substitution of a metal 
ion for the peptide hydrogen. 
The most basic site in the amide groups is always the one 
that is protonated or metalated. In a neutral amide the most 
basic site is the oxygen and metal ion complexation occur at 
that atom. After amide deprotonation, the most basic site is 
the N-atoms where either protonation or metal ion complexation 
takes place. When either protonation or complexation has occu-
rred at an ionized amide nitrogen, the amide oxygen becomes the 
most basic centre. Any additional rapid protonation or complex-
30 
atlon then occurs at the oxygen . Amide groups (bonds) in 
macrocycles thus provide a polar binding site and llgand 
stiffening. 
Macrocycles of the above type when complexed with metal 
ions are possible models for important proteins and enzymes. 
P R E S E N T W O R K 
PRESENT WORK 
A large number of naturally occurring simple and oligo 
peptides are knovm to have important physiological roles and 
31 
metal ion chelation is often involved in them. Indeed, in 
contrast to plants and bacteria, the modulators of metal ion 
metabolism in higher animals are peptides and proteins. 
Whether or not a physiological function is involved, the chela-
tion properties of peptides have generated considerable interest 
because of the versatility of their chelating modes and because 
of the change in reactivity of the peptide itself. The signi-
ficant chemical behaviour of this interaction can be attributed 
to factors such as ligand oxidative dehydrogenation and its 
ability to stabilize a wide range of oxidation states which can 
act as reactive Intermediates. 
The chemical interest in interaction and activation (by 
redox reactions) of molecular oxygen by copper-proteins has 
32 grown considerably during recent years . Copper (ll) and 
nickel (II) can promote the reactions between 0^ and peptides, 
where Cu(III) and Ni(IIl) peptide complexes were considered as 
intermediates. Cu(III) and Ni(lII) ions have been obtained 
with complexes of peptides and macrocyclic polyamines. Some 
33 dioxotetramines and pentamine macrocycles have been synthesiied 
that would serve as mimic systems to redox systems. 
: 14 : 
The present work is to study some novel macrocyclic 
llgands resembling macrocyclic tetrapeptides» their metal 
ion interaction and chemical behaviour upon complexation. 
The work is in progress and herein we report the synthesis 
and characterization of the new ligand and its reactivity 
towards a few metal ions. The newly synthesized compounds 
have been characterized using physico-chemical methods, 
magnetic susceptibility measurements and IR, UV-visible 
(solution as well as solid i.e., reflectance) and H-NMR 
spectroscopic studies. The work on template reactions and 
solution studies incorporating electro-analytical techniques 
could also be under-taken for a detailed Insight in the 
chemistry of the newly synthesized macrocyclic ligand. 
E X P E R I M E N T A L M E T H O D S 
EXPERIMEhfTAL NETHODS 
It is well established that single crystal X-ray crysta-
llographic method is a worthwhile tool to get complete infor-
mation regarding the molecular geometry of the compound 
indicating the exact disposition of the various atoms in the 
molecule^ if a suitable crystal is grown. However, the com-
plexes described in this work have been characterized by a 
analytical methods, magnetic susceptibility and molar conduc-
tivity measurements infrared, electronic and reflectance 
spectral studies. 
Elemental analyses for carbon, hydrogen and nitrogen of 
the ligand and complexes were done at CDRI, Lucknow and AMJ, 
Aligarh. The estimation of halogen was done gravimetrically 
and the metals were estimated by titrating with standard 
35 E.D.T.A. solution . For the metal estimation, a known amount 
of complex was decomposed with a mixture of nitric, perchloric 
and sulphuric acid and the halogen was estimated by fusing a 
known amount of the compound with fusion mixture (KNO^ and 
K2CO3). 
The infrared and far-infrared spectra were recorded as 
KBr-discs on IR 408 Shimadzu spectrophotometer. Reflectance 
spectra of the solid samples using MgO diluent and electronic 
spectra in DMSO were recorded on a Pye Unicam 8800 (Philips, 
Holland) UV-visible spectrophotometer at room temperature. 
: 16 : 
^H-NMR spectra were recorded in d -DMSO on a Jeol - 100 X 
spectrometer using Me^Si as an internal indicator. Results 
of the magnetic susceptibility measurements were obtained by 
using a Faraday balance at 20°C calibrated with Hg[Co(NCS)^]. 
Though a detailed theory of the various techniques used 
for characterization of the compounds described in this work 
is available in text books, monographs or reviews a brief 
description would not be inappropriate, as given in the 
following paragraphs. 
IR Spectroscopy : 
Important group frequencies in the I«R» spectra of the compounds 
relavent for characterization of compounds : 
1. Carbonvl (C=0) and Secondary amide. (N-H) bands^^ : The 
reported band frequencies of anhydrides and amides were compared 
for band assignments in the IR spectra of the newly synthesized 
ligand and their metal complexes. 
It is reported that all anhydrides show two carbonyl absor-
ption bands. The position, separation and intensity of these 
depends on whether or not the carbonyls are conjugated, and 
whether they are part of a strained five-membered ring, as in 
cyclic anhydrides. For succinic anhydride the two carbonyl 
bands appear at 1871 and 1793 cm"^ and for phthalic anhydride 
: 17 : 
the bands are seen at 1854 and 1779 cm"^. In addition to the 
carbonyl absorptions, anhydrides also show strong bands due to 
the -C-O-C- stretching vibration. They are identified by their 
high intensity. The anhydridic band (-C-0-C-) in succinic 
anhydride appears at 1214 and 1057 cm" while for phthalic 
anhydride it is slightly at higher wavelength, ca. 1257 cm . 
For amides the V(C=0) str. band occurs at longer wave-
length than 'normal' due to the mesomeric effect. Primary 
amides show a doublet for the viU~H) str. band while a single 
band is only observed for secondary amide N-H bonds in the 
3350 cm~ region. The y (C=0) str. and V(,ti-H) deformation 
bands couple together to give double bands in the 1650 cm" 
region. The higher frequency band is predominantly J>(C=0) str. 
and the lower is predominantly p(N-H) deformation band. 
2. V(C'-N) and ^(C"H) bands^^: The V(C-N) str. vibrational 
band of secondary amides appear approximately in the 1300 cm""^  
region. The C-H groups in the benzene ring shows vibrational 
bands at 3000 cm" and numerous bands in the 800 - 600 cm"^ 
regions which are assignable to VCC-H) str. and X)(C-H) def. 
respectively. The methylene groups in succinic anhydride shows 
vibrational bands due to C-H stretching and-bending vibrations. 
^^® ^asy ^^2 ^"^ ^sym ^ 2 °^^^* respectively, near 2930 cm"^ 
and 2855 cm" . The bending vibrations occur at 1465, 1350-1150 
and ca. 750 cm" regions. 
: 18 : 
3. Metal-Nltroaen Stretching Vibration : The M-N stretching 
frequency is of particular Interest since it provides direct 
information about the coordinate bond. In complexes it gene-
rally appears in the region 370 - 390 cm" . 
4, Metal-Chlorine Stretching Vibrations : The M-Cl stretching 
vibration generally appears in the region 340 - 270 cm" . The 
position and intensity varies for different metals. 
5. Metal-Sulfur Stretching Vibration : The M-S bond freq-
uencies fall in the 300 - 270 cm" region. The position and 
intensity varies according to the bonded metal. 
H~NMR Spectroscopy : 
Amides in general show two characteristic signals in the 
nmr spectrum, one for the C-H protons and another for the N ^ 
protons. Additional peaks are obtained for C-H protons conta-
ined in different groups. For example the proton resonance 
signal for acetylene, methylene, alkyl and aryl protons generally 
appear at ca. 5, 3,5, 1,5, and 8 6 regions respectively. Anhy-
drides show proton resonance signals arising only from different 
C-H protons. The N-H proton signal of primary amides is often 
very broad and sometimes even unobservable. But for secondary 
amides it is sharper and appears in the region 5 - 8.5 6. The 
: 19 : 
position of N-H proton signal can be confirmed by D2O exchange 
4. ^  37 
study . 
Denteration study helps in locating the signal of protons 
which exchange slowly. Protons which exchange rapidly give 
sharp signals (as do non exchanging protons). Protons which 
exchange slowly give separate signals or broadened line as they 
are in more than one environment. Hence, protons attached to 
oxygen (-OH) and nitrogen (>N-H) may give sharp or broadened 
lines depending on the chemical structure, Deuteration of the 
0-H or N-H protons will result in the disappearance of the 
signal because of the conversion of N-H to N-D etc. This is 
effected by shaking the sample with a trace of D^^* 
IV-Visible Spectroscopy : 
Electronic spectra is a very powerful tool in coordination 
chemistry for the elucidation of structures of complexes. In 
transition metal complexes the electronic transition occur withini 
the various energy levels of a d orbital and therefore termed 
d-d transitions. For electronic transitions to occur by 
absorption of radiation several selectron rules are set up. 
But these selection rules are relaxed in majority of the comp-
lexes and if it were not for this reason the complexes would 
not absorb radiation and appear colourless. The energy of the 
absorbed light falls in the range of UV-visible radiations and 
therefore, also known as UV-visible spectra. 
: 20 : 
The spectra of transition metal complexes ' generally 
shows atleast two well-defined absorption bands in the visible 
region and a third band sometimes obscured by charge transfer 
bands in the high energy region. The spectra is interpreted 
with the aid of ligand field theory. 
The ligand field splits the orbitals of the d levels into 
various energy levels or states* Electronic transitions takes 
place between these energy levels or states giving rise to 
characteristic bands in the spectra. The extent of splitting 
is given as a function of Dq. The magnitude of Dq or A varies 
with different ligands for different complexes. As Dq increase, 
AE, the energy of the transition increases. The value of AE 
(10 Dq or A ) is obtained directly from the frequency of the 
absorption peak. The frequencies of each band obtained from the 
electronic spectra is compared with the spectral datas available 
for the expected geometry of the transition metal ion of in-
terest. The frequencies associated with each band is then assi-
gned to various energy levels or states between which the ele-
ctronic transitions occur. In order to represent the energy 
levels accurately Orgel and Tanabe and Sugano diagrams are 
made use off. The experimental energies obtained from the 
spectra are almost always lower than the values calculated. 
This deviation may be attributed to covalence (p) in the bonding 
which results in smaller value for B, the inter electronic 
repulsion parameter in complexes than that for the free ions. 
: 21 : 
A and P cannot be determined accurately. The interpreta-
tion of spectra becomes complicated. It is therefore necessary 
to consider the effect of factors like spin-orbit coupling and 
Jahn Teller distortion on the energies of the levels. The 
effect of a bonding and n bonding on the energy levels can be 
obtained by relating the energies of the observed d-d transi-
tions to the energy levels associated with the molecular orbital 
description of the complex. The number of bands, frequencies 
and molar absorptivity should all be considered in interpreting 
the spectra. Molar absorptivity (€ ) can be calculated by 
using Beer-Lambert's law relationship (equation-4), 
A = €bc (4) 
where A is the absorbance, e is the molar absorptivity or 
extinction coefficient, b is the length of absorbing system 
and c is the concentration. Finally the spectra in solution 
should be checked against spectra of solids (reflectance or 
mulls) to be sure that drastic changes in structure do not occur 
in solution either through ligand displacement by solvent or 
through expansion of the coordination number by solvation. 
Magnetic Susceptibility measurements : 
Magnetic data when employed in conjunction with electronic 
spectra of transition metal complexes give important informa-
tion regarding the structure and property of the complex. 
: 22 : 
Magnetic properties of substances arise from the magnetic 
moment resulting from motion of charged electrons. But it is 
not possible to determine the magnetic moment directly. Instead 
the magnetic susceptibility is measured from which the moment 
is calculated. The volume susceptibility X is defined by 
equation (5) where I is the intensity of megnetization induced 
by the field of strength, H, per unit volume of the substance. 
But often the susceptibility is defined as the weight suscepti-
bility Xg where 
Xg = Vdensity (6) 
or it is defined as the molar susceptibility, Xm, where 
X m = (M/d)^ (7) 
m has the units cc mole . For normal paramagnetic and dia-
magnetic substances X , Xg, and X m are constants independent 
of field strength. 
The susceptibility measured will have contribution from 
paramagnetic and diamagnetic susceptibilities, the former being 
much greater. The measured susceptibility should be corrected 
by subtracting the diamagnetic contribution. The magnetic 
moment is then calculated from the corrected susceptibility 
by equation (8). 
: 23 : 
^eff - 2.SA iX'^T)'/^ (8) 
Where T is the absolute temperature, X^^ is the susceptibility 
of the constituent atoms corrected for diamagnetism using 
Pascal's constants 
"X*^ = Measured susceptibility 
- diamagnetic susceptibility (9) 
and n ff is the magnetic moment of the compound in Bohr 
magnetons. 
In principle, the methods of measuring magnetic suscepti-
bility all depend upon the fact that when a material (dV, dm; 
is placed in an inhomogeneous magnetic field of value (H) it 
experiences a force (dF) along the field gradient (dH/dx) at 
the point dV. The force is given by 
dF = H X d m — ^ (lO) 
In practice there are two methods to measure this force - the 
Faraday method which measures the force directly and the Gouy 
method which measures the force integrated over a large 
difference in field gradient. Gouy method is most simple and 
reliable. Faraday method has the advantage that only very 
small amount of specimen is required but the operation of the 
instrument is difficult. 
Generally, one does not determine each of the constants in 
: 24 : 
equation (10) but rather the apparatus is calibrated with a 
standard substance, and equation (11) is employed. 
AW , W . . -v 
^unknown " W^„, AW^,^ • ^^^ 
where is the gram susceptibility, W is the weight of sample 
in field off condition and W is the change in weight of 
sample in field on and field off condition. 
The measured gram susceptibility is corrected for the 
diamagnetic effect and magnetic moment is calculated from 
equation (8). The experimentally determined magnetic moments 
of transition metal complexes do not agree very well with the 
calculated moments. The descrepancy is accounted by considering 
factors like quenching of orbital angular momentum by ligand-
fields, spin-orbit coupling, TIP and other properties like 
ferromagnetism and antiferromangnetism. The magnetic moment 
deduced by considering the above factors helps in ascertaining 
the number of unpaired electrons and distinguish spin paired 
from spin-free complexes. It also gives information regarding 
the oxidation state of the metal ion in a complex. The best 
application seems to be in establishing the structure of 
complexes when the magnetic properties known are aided with 
electronic spectral studies. 
Molar Conductivitv measurement : 
Molar conductance gives information regarding the electro-
: 25 : 
lytic property of a complex, whether it is an electrolyte or 
non-electrolyte. Standard values of molar conductance calcu-
lated in different solvents are available for comparison with 
the experimental values. When the electrolytic nature of the 
complex is known it helps in distinguishing those groups that 
are involved in coordination to the central metal ion and 
groups outside the coordination sphere. When all the groups 
are involved in coordination the complex behaves as a non-
electrolyte. Thus molar conductivity measurement is an addition, 
tool in determining the geometry of a complex. 
In order to measure the molar conductivity ( A m ) of a 
solution the conductivity of the solution has to be determined. 
For this the solution is placed in a cell, the cell constant 
of which has been determined by calibration with a solution of 
accurately known conductivity e.g., a standard potassium chlo-
ride solution. The resistance or conductance of the solution 
is measured with the help of a conductivity bridge from which 
the molar conductance is calculated by equation (12). 
A „ = 1000 V c (12) 
where A^ ^^  is the molar conductivity in Ohm~"^ Cm^  Mole"^, k is 
the specific conductance or conductivity in Ohm"-^  Cm"-^  and C 
is the concentration in moles per litre. 
E X P E R I M E N T A L 
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EXPERIMENTAL 
MATERIALS AND METHODS 
Reagents used : 
The reagents used for the reactions described in this text 
were purified or dried wherever it was necessary. 
Succinic anhydride (Loba Chemie) and phthalic anhydride 
(E. Merck) were purified by sublimation using a cold finger 
device. 1,2-<liaminoethane (E. Merck) was dried by simple dis-
tillation at its boiling range (117°C). The metal salts C0CI2. 
6H2O (S.D. Fine Chem., India), CUCI2.2H2O (BDH), ZnCl2 (E.Merck) 
CdCl2.H20 (Loba Chemie) and Hg(SCN)2 (Loba Chemie) were commer-
cially pure samples and used as such. Solvents benzene, metha-
nol DMSO and n-hexane were commercially pure, all dried by 
literature methods. 
1. Preparation of 1.6. 9.14~tetraazahexadecane-2. 5f.lQf 13-
tetraone (L) : 
Pure sublimed succinic anhydride (1 gm, 10 mmol) was 
dissolved in ca. 50 ml dioxane contained in a round bottom 
flask. 1,2-diamino ethane (0.7 ml, 10 mmol) was added in small 
volumes upon stirring to avoid coagulation of the reaction 
mixture, stirred at room temperature for 6 hrs. Milky white 
precipitate formed was filtered off, washed with benzene and 
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hexane, vacuum dried and kept in desiccator for 3-4 days 
[m.pt. 165°C]. 
2. Preparation of dibenzorc.kJl 1.6.9.14ltetrriaza-hexadecane^ 
f2.5.I0.13Uetraone (L*) : 
Ethylene diamine or 1,2-diaminoethane (0.7 ml, 10 mmol) 
was added to a solution of phthalic anhydride (1.5 gm, 10 mmol) 
in ca. 60 ml dioxane or benzene while stirring. Reaction mix-
ture stirred at room temperature for 6 hrs. White precipitate 
filtered, washed and dried as mentioned in the above procedure 
[m.pt. 145®Cj. 
3. Preparation of fCoL'CllCl » 
The ligand (0.760 gm, 2 mmol) was dissolved in methanol 
by slight heating. To this solution CoCl2«6H20 (0.476 g, 
2 mmol) dissolved in methanol was added. Wine red solution 
was stirred at room temperature for 3 hrs, concentrated to one-
tenth of the initial volume and kept in refrigerator overnight. 
Small crystalline needles were separated from the mother liquor 
and dried in vacuo, yielding violet blue crystals [m.pt. 155°C], 
4. Preparation of [CuL*Cl2] : 
The ligand (0.760 gm, 2 mmol) was dissolved in methanol 
by heating. CUCI2.2H2O (0.341 gm, 2 mmol) dissolved in 
methanol was added with stirring at room temperature. The 
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reaction mixture was stirred for 3 hrs. Blue precipitate was 
filtered off, washed with methanol and hexane, and then vacuum 
dried [m.pt. 192°C]. 
5. Preparation of [ZnL'Cl2] J 
2 mmols of ZnCl^ in methanol was added to the ligand 
solution (0.760 gm, 2 mmol) in hot methanol. Reaction mixture 
was stirred at room temperature for 3 hrs. White microcrysta-
lline precipitate was filtered off, washed with methanol and 
hexane, vacuum dried and stored in desiccator [m.pt. 218°C]. 
6. Preparation of [CdL'Cl^J » 
The ligand (0.760 gm, 2 mmol) dissolved in hot methanol 
was reacted with CdClg.HgO (0.403 gm, 2 mmol) by stirring at 
room temperature for 3-4 hrs. The solid formed was filtered 
off, washed with methanol and hexane, vacuum dried and kept in 
desiccator for 2-3 days [ m.pt. > 350°C]. 
7. Preparation of [HgL«(SCN)2] : 
The dissolved portion of mercuric thiocyanate (2.5 mmol 
0.792 gm) in methanol was added to ligand (0.950 gm, 2.5 mmol) 
solution in hot methanol. Reaction mixture was stirred at 
room temperature for 4 hrs. Precipitate formed was filtered 
and dried as mentioned in above procedure [m.pt. 138°C]. 
R E S U L T S A N D D I S C U S S I O N 
RESULTS AND DISCUSSION 
1.6.9.14-tetraaza~hexadecane-2.5.10.13-tetraone ( L) : 
The reaction of ethylene diamine with succinic anhydride 
in dioxane as solvent gives good yield of the macrocyclic ii-
gand 1,6,9,14-tetraaza-hexadecane-2,5,10,13-tetraone, accord-
ing to the reaction shown by equation (13) 
2 I 0+2H2N NH2 Dioxane ^ C12H2QN4O4 -^ 2H2O (13) 
% 
The results of elemental analyses (Table-l) confirm the proposed 
stoichiometry of the ligand. The ligand has been characterized 
using infrared and Ti-NA4R spectroscopic studies. The important 
frequencies observed in the IR spectrum (Table-2) are y(N-+l) 
at 3300 cm" , amide I i.e., Y(C=0; as a doublet at 1690 and 
1640 cm"-'-, amide II i.e., 6(N-H) at 1550 and 1530 cm*"^  and 
amide III i.e., Y(C-N) at 1320 and 1300 cm"-'". It is well known 
that the Y(N'41) frequency for the primary amides are indicated 
as doublet at 3400 and 3300 cm"^ while for secondary amides a 
single band at 3300 cm" is usually observed. The appearance 
of a single band for V(N-H) suggest that the ligand contains a 
secondary amide (N-H) bond. The position of V(C=0) in succinic 
: 30 : 
anhydride usually appears as a strong broad doublet at 1871 and 
1793 cm"" . In the present ligand these bands do not appear, 
rather new bands in the region 1690 - 1640 cm" characteristic 
of amide I bands i.e. V(C>0) is observed. Furthermore, the 
strong -C-O-C- bands of succinic anhydride reported at 1214 
and 1057 cm" are found absent in the present case confirming 
the cleavage of the -C-O-C- bond of the anhydride during the 
course of reaction. A new band of strong intensity is rather 
observed at 1320 and 1300 cm" assignable to amide III i.e., 
V(C-N; stretching frequency"^^. The V(C-H) and V(C-C) of the 
substituents are indicated at the appropriate positions . 
1 37 
The H-NMR spectrum of the ligand recorded in CDCl^ + 
d -DMSO mixture (1:1 ratio) has shown a broad signal centered 
at 4.0 6 characteristic of NH proton resonance, in addition to 
the signals due to the substituents (CH^-bonded to N, CH^ -
bonded to carbonyl) at 1.6 and 2.1 6. In order to ensure the 
position of NH proton the spectra was recorded after D^O 
exchange which indicated the disappearance of signal at 4,0 6. 
In view of these analytical and spectroscopic informations 
the structure as shown in Fig. VII for the ligand seems plausible. 
: 31 
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DlbenzoCc,k1f1.6.9.14ltetraaza-hexadecane[2.5.10.13ltetraone ( L» ) 
The reaction of phthalic anhydride with ethylene diamine 
in dioxane/benzene as solvent under the same reaction conditions 
as for L has afforded the white solid product according to the 
reaction shown by equation (14), whose stoichiometry has been 
ascertained from the results of elemental analyses (Table-l) as: 
.^0 
\^ I \ BT 
0^ 2H2N m^ Benle^e/ > So"20^°4 ^ ^H^O (14) 
C Dioxane 
^ 0 
The ligand has been characterized by IR and H-rMl spectroscopic 
studies. The important bandi observed in the IR spectrum 
(Table-2) are V(N-H) at 3280 cm'^, amide-I at 1670 and 1640 
cm" , amide II at 1550 and 1560 cm" and amide III at 1330 and 
1270 cm" , The V(N-H) appears as a single band. The -C-O-C-
band characteristic of phthalic anhydride reported at 1257 cm" 
is found absent in the present case also, confirming the cleavage 
of -C-O-C- bond during the course of reaction. The ViC-H), 
y(C=C) and y(C-C) of the substituents are indicated at 
appropriate positions. 
The H-NMR spectrum of the ligand recorded in d^-DMSO 
: 33 : 
has shown a signal at 4.7 6 assignable to N~H proton resonance. 
In addition to the signals dOe to the substltuents (CH2-bonded 
to N, benzene ring bonded to carbonyl) at 3.3 6 and 
multlplets in 7,2 to 7.4 6 region. The position of NH resonance 
was confirmed by recording the nmr spectrum after DJD exchange 
which indicated the disappearance of signal at 4.7 6. 
The plausible structure for (L*) may therefore be indi-
cated as shown in Fig. VIII. 
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Reaction of L* with metal salts - CoCl^.eH^O, CuC1^.2H20» 
ZnCl^, CdCl^.H^O and HgiSCU)^ : 
The results of elemental analyses of the compounds agree 
well with the stoichiometry of the complexes as shown in 
(Table-1). The molar conductance data measured in DMSO suggest 
that the complexes are either 1:1 electrolyte (for Co(II) 
complex) or non-electrolyte (for the rest of the cases). The 
compounds are all soluble in DMSO and water. However, in the 
case of [CoL'ClJCl the colour changes from blue to pink colour 
when dissolved in water suggesting the change in geometry of 
the complex (vide-infra), 
The I.R. spectra of the complexes (Table-2) with the 
ligand [dibenzo[c,k][l, 6, 9,14]tetraaza-hexadecane[2,5,10,13] 
tetraone, L*] show well resolved bands which may reasonably be 
assigned to V(N-H), V(C-H), amide I, amide II, amide III 
bands as well as of benzene ring and other substituents in the 
molecule. The positions of the respective bands have been 
compared with that shown by the ligand itself (Table-2). It 
is clear from the table that there is splitting of V(N-H) bands 
separated at a difference of ca. 80 cm~^. This doubling of the 
band may be due to resonance splitting. However, the position 
of the main band is approximately unchanged with reference to 
the ligand. The position of the amide I and amide III bands are 
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significantly changed from that observed in the ligand. In 
view of these observations one can conclude that the ligand 
molecule exists in hydrogen bonded form, and in the complexes 
coordination is through amido nitrogen. The NCS" (uncomplexed) 
in free state shows a strong band in the region 2200 - 2300 cm 
In the present complex, HgL*(SCN)2 its position is indicated at 
2100 cm" which is a clear indication of its involvement in 
coordination through S-atom of the NCS group. The M-N and 
M-Cl stretching frequencies could not be recorded as these 
appear below the range of our instrument. 
The geometry of the complexes have been ascertained from 
magnetic susceptibility measurements and electronic spectral 
studies. The observed magnetic moment, V^^ff of compounds are 
shown in Table-3. The magnetic moment of [Co(L')Cl]Cl and 
[Cu(L')Cl2] are slightly lower from the theoretically estimated 
values for 3 unpaired (d ) and one electron spin (d ) configu-
39 
ration for Co(Ii; and Cu(II) ion . The electronic spectra of 
blue coloured solution of [CoL'ClJCl in DMSO has indicated three 
absorption maxima at 14,767, 16393 and 28,580 cm" . The first 
two bands are probably the result of d-d transitions in the 
compound while the last one may be arising either due to 
cnarge transfer (C.T.) or the ligand transitions owing to the 
fact that a similar band for the complex [ZnL'Cl^] has also 
been observed at 27,027 cm" . This spectrum does not parallel 
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to that reported for other four coordinate, Co(II) species 
ruling out such, a possibility in present case. However, it 
apparently matches with that reported for five coordinate Co(II) 
41 
species with approximate square pyramidal symmetry . The bands 
at 14,767 and 16,393 may be assigned to the transitions 
"*£•(?) < \*2^^^ ^"^ '^A'2(P) <• ^A'^CF) 
respectively. The other expected band lies well beyond the 
range (ca. 5CXX) cm ) of our instrument and hence could not 
be recorded. The spectrum of the same complex in water (pink 
colour) shows a broad band at 19,600 cm" characteristic of 
the octahedral geometry suggesting that water fits to sixth 
coordination site making it a hexacoordinate species. The 
molecular geometry may be represented as shown in Fig. IX. 
(a) 
Fig. IX 
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The electronic spectrum of [Cu(L*)Cl2] complex in DMSO 
shows two well resolved maxima at 11,CXX) (broad) and 27,CXX) 
cm" . The latter band is apparently due to C.T. or ligand 
transition (vide supra). The ground state of Cu(ll) in 
2 
octahedral field is E and is expected to experience 
Jahn-Teller distortion giving a tetragonally distorted geo-
metry for Cu(II) complex. The observed band is therefore 
1 1 
assigned to T^x < E transition characteristic of 2g g 
d -configuration (Cu ) in octahedral geometry. The molecular 
geometry plausible with the present studies may be represented 
as shown in Fig. X. 
*«W«W«V%'^ '^ 
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Since Zn(Il), Ccl(II) and Hg(II) ions possess d confi-
guration making them diamagnetic and do not show any d-d 
transitions, it is therefore, not possible to derive any 
conclusion regarding their geometries based on the present 
studies. 
The work is still open for solution studies especially 
pH metric, polarographic and other electro-analytical measure-
ments to get an insight into the redox nature of the complexes. 
CM 
z o 
w 
«» 
u 
s 
•o 
c (0 
CM 
^ 
o 
. J 
s 
• k 
« 
- J 
• k 
J 
14-1 
o 
(0 
4-> (0 
^ (0 
u 
•H 
+J 
>< 
^ (0 
c 
< 
• 
rH 
1 
a> 
rH 
ia (0 
H 
• 
• p ' - ^ 
5 • 
• D 
• O 
f-i-i 
O 03 
S O 
• 
•o 
o 
o 
TD 
C 
3 
O 
u. 
—1 
o 
o 
z 
ac 
^^ 
3 
B S - 1 
S O 
"H W 
^-' 
-P 
a o 
• o 
s 
^ 
o 
-H 
O 
o 
U) 
0) 
^ v . X 
•o « C r H 
<o a 
a>s 
«H O 
- J O 
00 
CM 
if) 
<l> 
o 
00 
CO 
O h - ^ l O 
in 
<u 
- p 
CO 
• 
o 
o 
00 
if) 
00 
CM 
o 
in 
CM 
ro 
• 
n 
o 
•H CM 
^ O 
l O O 
CM 00 
o\n 
iDt^ 
O O 
.H O 
CM CO CM n n CO CM 
CO 
CO 
If) 
If) 
in 
CO 
CM 
O M 3 
> CQ 
in 
CM 
CO 
00 
CM 
<1> 
CO 
CM 
CO 
• p 
CM 
Ch 
in 
in 00 
in-H 
• • 
1 
i n 3 
• • 
•^CM 
COt^ 
OOO 
• 
in<H 
• • 
^ r o 
COTJ-
rHrH 
--> 
r-cM 
o in 
o in 
• • 
00 'H 
< » . ^ 
in "O 
^ o 
• • 
in N 
Tf 00 
CM 0» 
O O 
i n CM 
^ o 
in ^ 
O CO 
2s3 
• ^ . ^ 
in in 
• • 
in o 
i n 00 
O 00 
O O 
in 00 
O 00 
00 
i n ^ t 
• • 
O CM 
N ^ 
in 00 
i n ^ 
O 00 
o O 
inr^ 
^ 00 
•^ in 
CM O 
• • 
00 O 
^^^ 
in o 
• • 
• * CM 
If) Tf 
•^ r in 
TT in 
• • 
in 00 
CM CM 
CO ^ 
CM -^ 
• • 
CO ^ 
coco 
> - • 
85 
r^ 00 
^ 00 
coco CM CO COCO COCO CM CM 
00 
00 
CO 
<n 
•H 0) 
>x-p 
O S 
CM 
o 
^ 
o 
» u 
o 
o 
r--» 
CM 
O 
* U 
3 
<J 
—> 
CM 
O 
• U 
C 
N 
1—1 
^ 
O 
« i 
U 
•o 
o 
z 
o 
(/) x.«» 
« 
^ 
o» 
as 
J 39 
«) 
•p 
c 
<u 
s 
c 
Oi 
•H 
U) 
m 
0) 
x: 
+> 
•o 
c 
(0 
I 
s 
o 
•o 
c 
-p 
c (0 
•p 
o 
a 
7 
X) 
(0 
H 
w 
z 
I ox: 
M $ 
0) »H "D 2 
T3 C QJ>-« 
^ ^ X O 
-5s e 
T3 
X 2 
*H i 
eo 
a>3: T3Tx: 
•H 2 +» 
/O 5 | : 
O Q 
• o n 
•H O 
o 
I 
T3 
C 
3 
O 
a 
a 
o 
o 
(A (A 
C M O 
c o o 
(A U) 
in in 
> > 
(A 
in 
<N 
8 
: 40 : 
8 
CN 
(A U) 
O O 
ro CN 
<A <A 
0 0 0 
in in 
(A U) 
88 
o i n 
(A (A 
0 0 
in in 
(A (A 
in in tn in 
(A (A 
> > 
lA 
(A (A 
0 0 0 0 0 0 0 0 0 0 
o < o O O r ^ N N O h - h -
lA (A 
B (A g «A 
0 0 0 0 
0 0 
(A 
0 
CO 
0 
CO 
U) 
0 
01 
0 
OJ 
a in 
0 
0 
CM 
g 
<5 00 
0 
CM 
s 
O o 
CM 
(A O 
00 
CO 
CO CM 
COCO 
CM 
0 
r — « 
^ 
0 
^ 
J 
0 
0 
1—• 
CM 
'H 
0 
^ 
U 
D 
0 
r—t 
CM 
PH 
0 
V 
>J 
c N 
1—1 
CM 
-H 
0 
«» 
-J 
•0 
0 
z 0 
10 
N . ^ 
^ 
_] 
CJ> 
a: 
+J 
C 
e 
c 
D> 
•H 
W 
U) 
rtJ 
0) 
(A 
W 
o a 
J C 
41 
IL. u. 
- O J -CM 
(N 
o> 
c 
E 
c 
•H 
in 
< 
O O 
tL. 
-CM CM 
H 
CM 
s 
(0 
(-1 
o 
0) 
a 
c 
o 
u 
0) 
»H 
<i> 
n 
c 
c 
o 
in 
o 
a 
T3 
c 
(tJ 
03 
1^ 
CO 
o 
CO 
o 
CO 
if) 
00 
CM 
CQ 
± 
CO 
CO 
0) 
CO 
I 
a> 
X) 
m 
<u 
a 
e 
o 
o 
o 
o 
o 
o 
CM 
o 
o 
R E F E R E N C E S 
REFERENCES 
1. Multidentate macrocyclic and macropolycyclic ligand by 
K.B. Mertes and J.B. Lehn in Comprehensive Coordination 
Chemistry, 1987, Vol. 2, 916. 
2. L.F. Lindoy, Chem. Soc. Rev., 1975, 4, 421. 
3. A.W. Johnson, Chem. Soc. Rev., 1975, 4, 1. 
4. C.J. Pederson, J. Amer. Chem. Soc, 1967, 89, 7017. 
5. Structure and Bonding, ed. J.D. Dunitz, P. Hemmerich, 
J.A. Ibers, C.K. Jorgensen, J.E. Neilands, D. Reinen 
and R.J.P. Williams, Vol. 16, 1973. 
6. J.J. Christensen, D.J. Eatough and R.M. Izatt, Chem. Rev, 
1974, 74, 351. 
7. A.C.L. Su and J.F. Weiher, Inorg. Chem., 1968, 7, 176. 
8. N.F. Curtis, J. Chem. Soc, I960, 4, 409. 
9. B. Bosnich, C.K. Poon and M.L. Tobe, Inorg. Chem., 1965, 
4, 1102; C.K. Poon and M.L. Tobe, J. Chem. Soc. (A), 
1967, 2069; 1968, 1549. 
10a. M.C. Thompson and D.H, Busch, J. Amer. Chem. Soc, 1964, 
86, 3651; W. Rosen and D.H. Busch, Chem. Commun., 1970, 
1041; J. Amer. Chem. Soc, 1969, 91, 4694. 
: 43 : 
10b. T.A. DelDonno and W. Rosen, J. Amer. Chem. Soc, 1977, 
99, 8051; R. Bartsch, S. Hietkamp, S. Morton, H. Peters 
and 0. Stelzer, Inorg, Chem., 1983, 22, 3624. 
11. L.F. Lindoy, Quart. Rev., 1971, 25, 379. 
12. D.St.C. Black and A.J. Hartshorn, Co-ordination Chem. 
Rev., 1972, 9, 219. 
13. Ekstorm, A.; Lindoy, L.F.i Smith, R.J., J. Amer. Chem. 
Soc, 1979, 101, 4014; Inorg. Chem,, 1980, 19, 724. 
14. K. Henrick, P.A. Tasker and L.F. Lindoy, Prog. Inorg. 
Chem., 1985, 33, 1. 
15. R.D. Hancock and A.E. Martell, Chem. Rev., 1989, 89, 1898, 
16. D.C. Olson and J. Vasilevskis, Inorg. Chem., 1969, 8, 
1611; 1971, 10, 463. 
17. D.P. Rillema, J.F. Endicott and E. Papaconstantinou, 
Inorg. Chem., 1971, 10, 1739. 
18. R.M. Clay, Stuart Corr, Mauro Micheloni and Piero 
Paoletti, Inorg. Chem., 1985, 24, 3330; Vivienne J. Thorn, 
Gladys D. Hosken and R.D. Hancock, Inorg. Chem., 1985, 
24, 3378. 
19. L. Fabbrizzi, Comments Inorg. Chem., 1985, 4, 33. 
: 44 : 
20. F.A. Cotton and G. Wilkinson, Advanced Inorg. Chem., 
5th ed., 1988, p. 344. 
21. D.K. Cabbiness and D.W. Margerum, J. Amer. Chem. Soc,, 
1969, 91, 6540. 
22. J.D. Lamb, R.M. Izatt, J.J. Christensen and D.J. Etough, 
in 'Coordination Chemistry of Macrocyclic Ligands', ed., 
G.A. Melson, Plenum, New York, 1968, p, 145. 
23. F.P. Hinz and D.W. Margerum, Inorg. Chem., 1974, 13, 2941. 
24. F.P. Hinz and D.W. Margerum, J. Amer. Chem. Soc, 1974, 
96, 4993. 
25. L. Pauling, 'The Nature of the Chemical Bond', 3rd ed., 
Cornell University Press, New York, 1960. 
26. Liler, M.J., Chem. Soc. B. 1965, 385; Yates, K.; Stevens, 
J.B., Can, J. Chem., 1965, 43, 529. 
27. Brooke, D.; Guttman, D.E., J. Amer. Chem. Soc, 1968, 90, 
4964; Brauck, G.E.j Clayton, J.O., J. Amer. Chem. Soc, 
1928, 50, 1680. 
28. H. Sigel and R.B. Martin, Chem. Rev., 1982, 82, 396. 
29. Freeman, H.C. Adv. Protein Chem., 1967, 22, 257. 
: 45 : 
30. Monis, P.J.; Martin, R.B., Inorg. Chem., 1971, 10, 964. 
31. L. Pukart, in •Chemistry and Biochemistry of Amino Acids, 
Peptides and Proteins, ed., B. Weinstein Dekker, New York, 
1982, Vol. 6, p. 75. 
32. Kumura, E., Sakonaka, A. and Machida, R,, J. Amer, Chem. 
Soc, 1982, 104, 4255. 
33. I. Tabushi, H. Okino and Y.Kuroda, Tetrahedron Lett., 
1976, 4339. 
34. I.M. Kolthoff, E.B. Sandell, E.J. Meehan and S. Brucken-
stein, 'Quantitative Chemical Analysis', McMillian London 
(1969). 
35. C.N. Reilly, R.W. Schmid and F.A. Sadak, J. Chem. Educ, 
1959, 36, 555. 
36. Koji Nakanishi, 'Infrared Absorption Spectroscopy', 
Nankodo Company Ltd., Japan (1962). 
37. D.W. Mathieson, 'NMR for Organic Chemists', Academic 
Press Inc. (London) Ltd., 1967. 
38. C.J. Ballhausen, 'Introduction to Ligand Field Theory' 
McGraw Hill Book Co., Inc. Corp. Ltd., New York (1962). 
I 46 : 
39. B.N. Figgis and J. Lewis, 'Modern Coordination Chemistry* 
J. Lewis and R.G. Vililkins (Eds.), Interscience, New York, 
Chapter 6 (1960). 
40. W.G. Geeray, Coord. Chem. Rev., 1971, 7, 81. 
41. A.B.P. Lever, 'Inorganic Electronic Spectroscopy* 
Second ed. Elsevier, Amsterdam (1984). 
